We present the results of a systematic survey of the chemical properties of two giant molecular cloud (GMC) cores in M17 and Cepheus A. In all, we have mapped the emission from 32 molecular transitions of 13 molecules and seven isotopic variants over a 4@ ] 5@ region in each core. Each map includes known sites of massive star formation, as well as the more extended quiescent material. In M17 most molecules have emission peaks away from the H II region/molecular cloud interface, while two species, and deviate from this structure with sharp maxima closer to this interface. In Cepheus HC 3 N CH 3 C 2 H, A the core is inÑuenced by a compact high-velocity molecular outÑow and a more extended low-velocity Ñow. The molecular emission distributions in this source are generally quite similar, with most molecules peaking near the center of the core to the east of the compact H II region HW 2. A few molecules, SO, H13CN, and C18O, have more extended emission. Only two molecules, CO and HCO`, appear CH 3 OH, to trace the high-and low-velocity outÑows ; all other species are tracing the quiescent core.
INTRODUCTION
In a series of related papers we have presented the results of a survey of the chemical and physical properties of three dense giant molecular cloud (GMC) cores in Orion, M17, and Cepheus A. In the Ðrst paper, et al. examBergin (1994) ined the temperature structure in each core using two molecules, CO and as thermometers. In the second CH 3 C 2 H, paper, Snell, & Goldsmith combined the tem Bergin, (1996) perature results with a multitransitional study of HC 3 N emission to investigate the density structure of these same cloud cores. In the third paper, et al. Ungerechts (1997) utilized these physical conditions, combined with a large number of molecular emission maps, to derive molecular abundances for several positions in the Orion molecular core (OMC-1) and presented an analysis of the chemical structure, including the relationship between the physical properties and the chemistry.
In the present paper we examine the links between the chemical and physical structure of the two other cloud cores, M17 and Cepheus A, in a manner similar to that presented by et al. for OMC-1. In particUngerechts (1997) ular, we present observations of 32 di †erent molecular transitions (13 molecules and seven isotopic variants) in M17 and Cepheus A obtained using the Five College Radio Astronomy Observatory (FCRAO) 14 m telescope equipped with a 15 element focal plane array. The maps of the 32 transitions cover large regions in each source and consist of 120 individual spectra per map ; the maps extend over both the known star-forming sites and the more quiescent material.
We combine these data with the previous analyses of the temperature and density structure in each core to derive accurate molecular abundances for several lines of sight in the M17 and Cepheus A cores. Since these observations were taken using a single telescope and used common assumptions about the excitation, we have systematically constructed a cohesive data set that enables an examination of abundance variations both within and among GMC cores. With knowledge of the abundances in several positions within each source in a large number of species, we are able to investigate the e †ects of star formation on the surrounding material, as well as the evolution of regions that are relatively una †ected by forming stars. In addition to studying possible abundance variations, the determination of abundances in a systematic fashion for a large number of molecules in three cores (including OMC-1) will allow us to place greater constraints on chemical models. The comparison of all our data with a chemical model will be presented in a forthcoming paper et al. ).
OBSERVATIONS
2.1. Molecular L ines The molecular transitions that were observed are pre-268 BERGIN ET AL.
Vol. 482 sented in Table 1 of et al. Included in the Ungerechts (1997) . list are the traditional tracers of column density (C18O), density (C34S), and temperature (12CO, as well CH 3 C 2 H), as key molecules that can be used as diagnostics of chemical processes. To determine molecular abundances for a comparison with theoretical predictions, the observed molecular line intensities must be converted into column densities. Therefore we must determine if the molecular emission is tracing the entire column along the line of sight, i.e., whether the emission is optically thin. To estimate e †ects of optical depth we have therefore observed isotopic variants, and for some species (H13CN, CN, we have C 2 H, N 2 H`) used the hyperÐne structure to estimate the opacity. For 10 of the species observed we believe the emission is optically thin or that we can readily correct for the e †ects of optical depth.
Another important question in comparing molecular abundances is whether each molecule is tracing the same component of what is undoubtedly a set of varying conditions along the line of sight. To minimize this concern, most transitions we have observed have similar critical densities, cm~3, and upper state energies, 104 Z n cr Z 106 K. The only transitions that violate this con-4 \ E u \ 10 straint are CO and its isotopic variants, and the high excitation transitions of and SO, for which CH 3 C 2 H, HC
Observational Data
The observations spanning the 86È115 GHz frequency range were carried out in 1991 and 1992 using the 15 element QUARRY focal plane array et al. (Erickson 1992) mounted at the Cassegrain focus of the 14 m Five College Radio Astronomy Observatory telescope. The spectrometers were two 32 channel Ðlter banks per receiver element with resolutions of 250 kHz and 1 MHz. The corresponding velocity resolutions vary with frequency and are in the ranges 0.65È0.88 km s~1 (250 kHz) and 2.6È3.5 km s~1 (1 MHz). Because of the moderate line widths (*v D 2È5 km s~1) in both of these sources, we have primarily used the data with a resolution of 250 kHz. The angular resolution of the telescope will vary with the frequency of the di †erent transitions and has been measured to be 45A at 115 GHz. The angular resolution at the other end of the 3 mm band (86 GHz) is inferred to be D60A.
Both the M17 and Cepheus A observations were made on the same 10 ] 12 point grid spaced by 25A for a total of 120 points covering on each source. All observations 4@ ] 4@ .5 were taken in single sideband mode and position switching where the beams were pointed toward a reference position free of 12CO emission. The standard chopper wheel calibration method was used, placing all observations on the scale. All data presented here are calibrated to the T A * T R scale using the main-beam efficiency, which was measured to be during the 1991 season. For a discussion g MB \ 0.45 on the antenna calibration to the scale, see
We believe the main-beam efficiency is appro- (1981) . priate for these sources, because the observed emission in both M17 and Cepheus A is conÐned to a region less than 10@. The beam efficiency does have a slight variation in frequency ; however, the variation is small (D15%), and, since the chemical analysis depends only on line ratios, the actual value chosen for the source-antenna coupling is unimportant. (Felli 1984) . Detailed models of the far infrared continuum emission have shown that the interface between the H II region and the dense molecular gas is viewed nearly edge-on (Icke, Gatley, & Israel This has led numerous investigators 1980). to use M17 to study the structure of cloud cores by analyzing the e †ects of the radiation Ðeld on molecular material. In particular, the observations of neutral and ionized carbon emission, along with high-J CO lines, deep into the M17 core, and far away from the H II region, have provided compelling evidence for a clumpy structure for this molecular cloud core et al. et al. (Keene 1985 ; Stutzki 1988 ; Harris et al. 1987 a †ects the chemistry of the core. In addition, the 1988), comparison of the physical conditions and chemical abundances of this core with those in M17 allows for a direct investigation of the similarities and di †erences of the processes in GMC cores.
3. RESULTS 3.1. M17 presents contour maps of the integrated emis- Figure 1 sion from each of the observed molecular transitions in the M17 molecular core. In most cases we have used the same contour levels and spacing for many transitions of a single species. However, where necessary (e.g., SO and CH 3 OH), we have adjusted the levels for particularly weak transitions in order to show the emission morphology. While the morphologies of the emission from the various transitions have some di †erences, there are some striking similarities. First, the emission regions of all the molecules have similar spatial extents (except for CO and 13CO), even in transitions arising from quite di †erent energy states, such as HC 3 N K) and H13CN K). Thus, the (E J/12 /k \ 34 (E J/1 /k \ 4.1 boundaries of the dense core, as seen in the various tracers, appear well deÐned. Second, all molecular species, even 12CO, exhibit a sharp decline in their emission in the northeast corner of the map where the H II region/molecular cloud interface is located. Our CS and C34S J \ 2 ] 1 observations are consistent with those made by et al. Wang at higher angular resolution. (1993) The majority of species, including 13CO, C18O, C34S, H13CO`, SO, H13CN, HN13C, and N 2 H`, C 2 H, CH 3 OH, have emission peaks near the center of the core, away C 3 H 2 from the H II region. Only two species, and HC 3 N show a marked di †erence from this general struc-CH 3 C 2 H, ture. These two molecules exhibit a sharp maximum closer to the H II region/molecular cloud interface. The only remaining di †erence is that all species that we believe have optically thin emission (e.g., H13CN, have a N 2 H`, C 2 H) second weaker peak to the south, while the optically thick species (e.g., CO, HCO`, HCN) have broader peaks to the north.
The emission peak is spatially coincident with CH 3 C 2 H the "" northern condensation ÏÏ peak of C18O J \ 2 ] 1 and C34S J \ 3 ] 2 &G u sten & Gu sten (Stutzki 1990 ). Stutzki noted that the temperature of the northern conden-(1990) sation is greater than the temperature of the bulk of the cloud, with K inferred from the observations
Thus, the emission di †erences Gu sten (1988) . between and and the majority of species CH 3 C 2 H HC 3 N (e.g., C18O, could be due to a decline in temperature C 2 H) away from the interface region. Indeed, the gas temperature inferred from et al. and
shows a regular decline with dis-(Gu sten 1988) tance from the H II region. This kind of temperature structure will cause lines with high excitation, such as CH 3 C 2 H and (see Table 1 of et al. to be HC 3 N Ungerechts 1997), relatively more intense at the higher temperatures found near the northern condensation.
We have also examined the velocity structure for each molecular species to search for additional trends. In Figure  we present a sample of the channel maps, showing the 2 velocity structure for three optically thin species that are representative of the range of velocity structure observed for molecular species in M17. The velocity information for the other species is not presented here, but is similar to those shown in discusses the line center veloc- Figure 2 . Section 3.3 ities and line widths for each species at selected positions.
The velocity structures observed in for the Figure 2 various species are remarkably similar. Even C18O, which has a much lower dipole moment than the other two molecules, exhibits the same general pattern in emission. There are, however, a few di †erences. At km s~1 V LSR D 19È20 shows a strong peak near the northern condensation HC 3 N which is not observed for the other species and C34S shows a broad emission component that is oriented along the interface with the H II region. However, at higher and lower velocities, the distributions of all molecules are nearly the same.
The presentation and discussion of both velocityintegrated maps and velocity-channel maps have isolated several regions or clumps that have di †erent kinematical and morphological structure. We use this information to examine whether these emission di †erences are the result of variations in abundances. The chosen positions are represented by the squares in
The Ðrst position, called Figure 2 . the northern condensation (NC), at is dis-([1@ .26, ]0@ .84) cernible both in the intensity maps and in the channel maps as having intense and emission. It is char-CH 3 C 2 H HC 3 N acterized by high temperatures and, given the close proximity of the H II region, a higher ultraviolet (UV) radiation Ðeld. The second position which we will ([2@ .10, [0@ .84), label as the central condensation (CC), is removed from the interface region and is near the strongest emission from the majority of species (e.g., C18O, SO). It is dis-N 2 H`, C 2 H, placed slightly from the C18O intensity peak, in order to derive abundances at a position farther from the interface so that the UV Ðeld should be lower. The third and Ðnal position which we will call the southern con-([0@ .84, [1@ .26), densation (SC), is characterized by an extended peak in the C34S channel maps. By selecting these positions we have isolated the main emission di †erences in M17 and can explore the variations of the physical and chemical characteristics both along the interface (i.e., NC, SC) and into the cloud (i.e., NC, CC).
Cepheus A The integrated intensity maps for all survey molecules in Cepheus A are shown in
In Cepheus A we have Figure 3 . used the same contour levels for all maps of species where more than one transition has been observed. All molecules show strong emission near the center of the map at the location of the embedded ultracompact H II region HW 2, Vol. 482 
The contour levels are (0.4È4.0 by 0.4), (1È5 by 0.5), (1.5È15 by 1.5), (1.5È15 by 1.5).
although there are slight variations in the position of the central peak. Most species (e.g., HNC, CN, N 2 H`, C 2 H, and H13CO`) show reasonably compact morphologies, peaking slightly to the east of HW 2 and oriented in a northeast-southwest (NE-SW) direction. This morphology is similar to that observed in by & Fiebig NH 3 Gu sten A few molecules, SO, H13CN, and to some (1988) .
CH 3 OH, extent C18O, deviate slightly from the overall centrally peaked structure by having emission extended to the northeast and south of HW 2. Other species, such as CO, CS, HCN, and HCO`, also have extended emission, but it is likely that these lines are inÑuenced by high opacity. We note that the maps of C34S and 34SO have a low signal-tonoise ratio, so that one cannot believe the apparent structure.
Unlike OMC-1 and M17, which are inÑuenced by intense sources of internal and external radiation, the Cepheus A core is dominated by embedded H II regions. These sources inÑuence the local environment through radiation and energetic outÑows, one of which is extended over almost the shows that the high-velocity Ñow is compact and Figure 4 essentially conÐned to a region within 1@ of HW 2. The redshifted lobe is strongest toward the south with a slight extension to the west, while the blueshifted lobe is sharply centered to the east of HW 2. The low-velocity Ñow is extended over the entire area included in our map. 4@ ] 4@ .5 The low-velocity blueshifted lobe is characterized by a strong peak to the east of HW 2, an extension to the northeast, and a sharp decline in the emission to the southwest. The low-velocity redshifted lobe is a relatively uncollimated cone of emission, conÐned to the southwest, with its apex near HW 2. Thus, the low-velocity outÑow is certainly bipolar in nature ; however, the symmetry of the outÑow is ill-deÐned, with a general direction of NE-SW.
Besides CO, several species have been previously associated with the Cepheus A outÑow : these are HCO` (Loren et al. et al. SiO, and SO 1984) 
In order to (Marti n-Pintado, 1992) . identify other species and transitions that potentially trace the high-velocity gas within the outÑows, in we Figure 5 present a sample of spectra (with 1 MHz resolution) at the position of HW 2. Broad line wings are clearly observed in only the CO and HCO`spectra. In the emission from all other molecules we Ðnd no evidence of high-velocity wings ; FIG. 1c instead for most species the emission is conÐned within a single component with moderate line widths D2È4 km s~1 and a central velocity of km s~1. The V LSR D 10 CH 3 OH line shown in is a blend of two separate lines Figure 5 and These lines are
. separately resolved toward the majority of positions in the higher resolution (250 kHz) Ðlter banks.
To study further the velocity structure of the dense gas, the spatial distribution of emission as a function of velocity for SO, and is shown in We CH 3 OH, N 2 H` Figure 6 . present kinematic information for all species at particular positions in On one hand, the velocity structure°3.3. observed in the main hyperÐne component of is rep-N 2 Hr esentative of that seen in most molecules ; the emission is spatially compact and conÐned to the region around HW 2. There is also evidence of a small east-west velocity gradient in the emission. On the other hand, the distribution of emission with velocity for and SO is quite di †erent CH 3 OH from that seen in other molecules. The emission from these species probes the quiescent gas at velocities similar to but is more spatially extended, and both species N 2 Hs how clumps of gas at positions where there is little N 2 Hè mission. The distribution of SO emission is particularly peculiar because the velocity gradient is from west to east, which is opposite to that observed in most other species.
The above observations have shown that there are some spatial di †erences observed among several species. Therefore, we have chosen to compute abundances at two positions in Cepheus A. The Ðrst position is near the center of the core, in a region near the high-velocity blueshifted peak at which we label Ceph-A N. The *a \ 0@ .42, *d \ 0@ .42, second position is to the south of HW 2 at *d \ *a \ 0@ .0, which we label as Ceph-A S. These positions are [1@ .26, indicated by squares in the velocity maps in All Figure 6 . species show strong emission at Ceph-A N, while at Ceph-A S most molecules exhibit little or no emission. Thus, a comparison of abundances between these two positions will account for most of the emission di †erences observed in our data.
Molecular Kinematics
Sections and discussed velocity channel maps for a 3.1 3.2 few species in both M17 and Cepheus A. Because of the size of the data set, it is impractical to present the channel maps for each of the observed transitions. Instead, we present here the kinematic information (line center velocity and velocity line width) for those lines of sight that have been selected to derive molecular abundances (see°°and 3.1 3.2). The main thrust of this analysis is to attempt to determine whether the emission from the various molecules is probing the same layer of gas. If the line center velocity and the line width for di †erent species are in agreement, then it is reasonable to assume that the emission is arising from similar layers of gas. However, we note that this analysis does not deÐnitively settle this question.
For Cepheus A we have used spectra created by averaging the spectra at each position (Ceph-A S and Ceph-A N) and its four nearest positions. Using an average spectrum 
will increase the signal-to-noise ratio and will aid in the Ðtting process. This procedure is not necessary for M17 because of the high signal-to-noise ratio of most spectra. Because we are attempting to describe the kinematics of these lines of sight, we will present information only for species where we believe the emission is optically thin. Each spectrum for the optically thin species for the two lines of sight in Cepheus A and three lines of sight in M17 was Ðtted with a Gaussian to determine the line center velocity and the full width at half-maximum or line (V LSR ) width (*v). The results of the Ðts are presented in Tables 1   and In the cases where multiple transitions were observed 2. (i.e., molecules with hyperÐne structure, CH 3 C 2 H, the spectra were Ðt with multicomponent Gauss-CH 3 OH), ians with Ðxed separation and a single line width. For these cases, and for molecules where more than one rotational transition was observed (e.g., and SO), we list only HC 3 N the velocity and line width for the strongest transition.
M17
The line proÐles at the NC and the SC typically contain more than one velocity component ; for these molecules we have tabulated the velocity and line width of the stronger component. This component constitutes more than 75% of the total emission for these species. The line proÐles for the CC are well Ðt by a single component. It is likely that there is substantial unresolved spatial and velocity structure in M17 (e.g., & Gu sten which we neglect in the Stutzki 1990), following analysis. For the determination of abundances, we will therefore only consider the total integrated intensity at the NC, CC, and SC positions.
In all three positions the velocities and line widths (presented in Tables and are reasonably similar. There 1 2) are some exceptions : the emission at the northern CH 3 C 2 H condensation deviates slightly from the average velocity. The line center velocity of H13CN for all three positions deviates from the average, while the HN13C velocity at the southern condensation also di †ers from the mean. However, the line shifts are less than the observed line width, and, given the general agreement in line center velocity and line width for most species, we assume that they are tracing the same kinematical layer. The line widths for the Ceph-A N position are quite similar. In fact, almost every molecule has a velocity width that is within 3 p of the mean. However, there are di †er-ences in the line width for the southern peak. The largest velocity widths of 4È6 km s~1 are observed for species with extended emission H13CN, and morphologiesÈCH 3 OH, SOÈbut CN shows a large dispersion toward Ceph-A S as well. The other molecules, which generally have more compact emission morphologies, have much smaller line widths of D3 km s~1. However, the line widths for all species are still well below the CO line width of D10 km s~1 observed at this position.
ANALYSIS

Determination of T otal Column Density and
Relative Abundances To derive total column densities we have relied on the method outlined in Appendix B of the companion paper et al.
In general, we have derived column (Ungerechts 1997). densities solely for those molecules that we believe have optically thin emission (see With the assumption of°4.2). optically thin emission, the upper state column density is then simply related to the integrated intensity. With knowledge of the physical conditions, statistical equilibrium calculations can be used to determine the fractional population of the upper state and therefore the total column density. For the physical conditions in each core we have utilized the independent determinations of the temperature Bergin (1996) , respectively. Based on the similar densities in the two cores, for the statistical equilibrium calculations we have adopted a single density of cm~3 for all positions. n(H 2 ) \ 3 ] 106 However, the temperature in each core varied with position, so we have used the corresponding temperature value for each chosen position.
In Cepheus A the column densities are computed by averaging the independently computed column densities of the central position and its four nearest neighboring positions. All total column densities are then referenced to the CO column density computed using the C18O column density and an assumed isotopic ratio of 16O/18O \ 500. W e deÐne the term relative abundance to refer to abundances relative to CO. In M17, because of the higher signal-to-noise ratio and lower spatial resolution, we have not performed an average and have derived the relative abundances using the intensities observed at the NC, CC, and SC positions.
Because of its low critical density, the C18O J \ 1 ] 0 emission might be thought to trace additional layers of gas with di †erent physical conditions than gas probed by the other molecules with higher dipole moments and critical densities. T herefore the relative abundances presented here may be lower limits. Indeed, in the C18O emission is Figure 2 slightly more extended in velocity than observed for the other species. However, in general, for both cores the extent and morphology of the C18O emission is reasonably similar to most molecules. Thus, there is no striking evidence that the C18O emission is probing a signiÐcantly di †erent layer of gas than the other species. Moreover, a study in which the three lowest transitions of C18O were observed in M17 and Cepheus A gives total column densities quite close to those computed here from C18O J \ 1 ] 0 alone Bergin, & Lis . The relative abundances of optically thin molecules in M17 and Cepheus A are presented in In the Table 3. Table 3 relative abundances of HCO`, HCN, HNC, and CS are derived from the relative abundances of H13CO`, H13CN, HN13C, and C34S (see et al. for a disUngerechts 1997 cussion of the assumed isotopic ratios). We also present an average temperature and CO column density for Ceph-A N and S, and for M17 we present the temperature and CO column density computed solely for each position (NC, SC, and CC).
et al. examined all the potential Ungerechts (1997) sources of uncertainty in the calculation of relative abundance (i.e., variations in main-beam efficiency between array elements, variations in the beam efficiency as a function of frequency, random errors, and excitation assumptions) and found that the uncertainty is dominated by our assumptions on the excitation. In all, we estimate that changes in the relative abundances of more than a factor of 2 can be considered signiÐcant.
Opacities
In order to derive accurate abundances, we have also attempted to account for the optical depth. In many cases we have minimized questions of opacity by observing less abundant isotopes. For some species H13CN, CN, (C 2 H, we can utilize the hyperÐne structure (HFS) to esti-N 2 H`), mate the opacity. We derived the opacity for these mol- The opacity of the main HFS Table 4 . component was derived from the HFS ratio using the routines from the CLASS package. Because of the weak emission in Cepheus A, we have used the averaged spectra discussed in for this analysis.°3.3 at Ðrst glance, suggests that some of the emission Table 4 , is moderately optically thick. However, an examination of the 1 p errors on the hyperÐne ratios, when compared with the expected thin ratios, demonstrates that the emission from most molecules in both cores is consistent with optically thin emission. Only the ratios observed for CN in Cepheus A and in the central condensation in M17 diverge signiÐcantly from the thin ratio and CN emission for those positions is moderately optically thick (q D 1). The only other molecule that we found to have moderate opacity via HFS ratios is at the southern condensation in M17. C 2 H For most molecules included in our survey, including species such as C18O and we have no indepen-CH 3 C 2 H, dent information on the opacity. However, it is likely that the emission from isotopic species (C18O, C34S, H13CN, HN13C, H13CO`), and from and CH 3 OH, HC 3 N, because of their weak emission, is optically thin. CH 3 C 2 H, These species typically have K, which is signiÐ-T R \ 2.0 cantly below the temperatures measured by et al. Bergin (typically D30 K) and, in the case of isotopic species, (1994) is also signiÐcantly below the antenna temperatures observed for the main isotopic variant. An estimate of the optical depth was derived from the multitransitional study of in et al. and the opacities are typi-HC 3 N Bergin (1996), cally less than 1 for all positions in both cores. Therefore, provided that Ðlling factors are not extremely small, it is likely that the opacity from these lines is less than 1.
In conclusion, abundances will be derived only for species that are believed to have optically thin emission. These are C18O, C34S, H13CO`, H13CN, HN13C, SO, HC 3 N, N 2 H`, and
For CN and we
C 2 H have corrected the column density for opacity using the Bergin (1994) . b N(CO) from C18O assuming 16O/18O \ 500. Units are cm~2. expression
where is the column density that would be obtained N thin with the assumption that the emission is optically thin and q is the opacity derived from the hyperÐne structure listed in Table 4. 5. DISCUSSION
M17
Examining the chemical structure within the M17 core as given in it appears that the relative abundances at Table 3 , each of the positions are quite similar. It is somewhat surprising that the abundances of and do not HC 3 N CH 3 C 2 H vary signiÐcantly, because both of these molecules have strong emission peaks at the northern condensation. This clearly illustrates that careful incorporation of the physical conditions is necessary in order to isolate true chemical di †erences. The maximum change in relative abundances in M17, found for and HCN, is a factor of D3, and CH 3 C 2 H our principal conclusion is that there are few signiÐcant abundance variations in M17. Indeed, within the estimated uncertainty of a factor of 2 (°4.1), the abundances do not vary at all. This is despite the fact that the temperature drops by nearly a factor of 2 between the NC and CC positions. The Ñux of the UV radiation Ðeld also varies ; however, the relative abundances are not correlated with the expected changes in the radiation Ðeld strength. Thus, either the radiation Ðeld is a †ecting all molecules in a similar fashion or the bulk of the emission observed along all lines of sight is coming from a region where the UV Ðeld is attenuated. It would be unlikely that the radiation Ðeld a †ects all molecules in a similar fashion, because the photodissociation of C18O is a line process, while other species (e.g., HCN, HNC, are destroyed by continuum CH 3 OH) radiation. The C18O photodissociation rate at of Therefore the low energy transitions we have observed in Cepheus A are tracing mainly the quiescent core with little or no contribution from gas a †ected by the outÑow. Within the quiescent gas we Ðnd that the chemical composition is remarkably homogeneous. A few species, namely, CH 3 OH, SO, and HCN, do have extended emission morphologies with line widths that are slightly broader than average. These species may contain some contribution from the outÑow to their column densities and relative abundances. It appears that most species are tracing preexisting quiescent material that surrounds the high-velocity outÑow, as proposed for CS and by & Elsa sser A NH 3 Staude (1993). study with higher sensitivity and greater spatial and velocity resolution of these species would be useful in clarifying the extent to which the outÑow activity is a †ecting the chemistry in the core.
Chemical Comparisons between the GMC Cores
Figures and present a comparison of the abun7a 7b dances observed in M17 with those observed toward Cepheus A. These Ðgures illustrate that, just as the relative abundances within each source are nearly constant, the relative abundances are also quite similar when one core is compared with another. Generally, the relative abundances in Cepheus are below those observed in M17, but, within the estimated uncertainty, there is no signiÐcant di †erence. The relative abundances in OMC-1 from et al. Ungerechts also are similar to those in M17 and Cepheus A. abundances from all three clouds will be compared in more detail with those of the dark cloud core TMC-1 by et Bergin al.
The general agreement of relative abundances, to (1997) . within factors of a few, argues that the chemistry active in these cores is not unique and that the chemical processes occurring in all GMC cores are relatively similar.
The relative abundance of HNC does not change at all, for any position in any core, suggesting that HNC may be an important tracer of quiescent dense material in GMC cores. The largest observed relative abundance di †erence between M17 and Cepheus A is a factor of 5 for CS, which is more abundant in M17, and for which is more CH 3 OH, abundant in Ceph-A S when compared with M17 NC. The HCN/HNC ratio has been demonstrated through both observations and chemical theory by et al. (1986), Irvine, (1987) , Schilke et al.
to be correlated with changes in physical condi-(1992) tions, predominantly the temperature. HCN is the favored isomer in warm regions, while in cold regions the ratio is expected to be near unity. Our results o †er an excellent opportunity to examine whether this relationship is valid. The HCN/HNC ratio in shows that the ratio is Table 3 greater than 1 for every position in the GMC cores. In the dark cloud TMC-1 the HNC abundance is equal to that of HCN Irvine, & Kaifu However, outside of (Ohishi, 1992) . the general di †erences between GMC and dark cloud cores (as represented by TMC-1), there is no obvious correlation FIG. 7b with temperature. It must be noted, however, that the range of kinetic temperature probed here is not large compared with the ranges used in et al. and et Goldsmith (1986 ) Irvine al. (1987 .
SUMMARY
We have presented the results of a systematic survey of the chemical and physical structure in two GMC cores in the M17 and Cepheus cloud complexes. In this survey we mapped the emission from 32 di †erent molecular transitions in both of the cores. The M17 maps include the H II region/molecular cloud interface and the bulk of the dense core material. In Cepheus A the maps encompass the embedded ultracompact star-forming cores and the more extended molecular outÑow. For both cores we have used the molecular emission to estimate independently the physical conditions for many positions. The physical properties, density and temperature, are used to derive accurate molecular abundances from several positions in both cloud cores. Thus, the molecular abundances in M17 and Cepheus A are derived using the same method, allowing for a direct comparison of the chemical composition both among and within the cores. The main results are summarized below.
1. Including the results of a previous analysis of the OMC-1, the chemical compositions of the three GMC cores are very similar at the spatial resolution probed, despite the clear structural di †erences. The Cepheus A core is dominated by energetic Ñows of material, while, in contrast, M17 is inÑuenced by strong external sources of radiation. The general agreement of relative abundances between these cores suggests that the chemical evolution of the relatively quiescent gas in each object is not unique and that GMC cores are undergoing similar chemical processes. Higher angular resolution observations would be required to probe the regions very close to the sites of massive star formation where chemical di †erences may be found, such as the hot core and compact ridge in OMC-1 (cf. Plambeck, & Wright, Wilner 1996) .
2. Within the M17 core the chemical abundances do not signiÐcantly vary with position, even when comparing positions along the interface with one deeper in the core. The lack of variation is notable because the Ñux from the ionizing sources and the gas temperature both decrease with distance into the core. This implies that the quiescent chemical evolution is proceeding in dense clumps that are well shielded from radiation throughout the core.
3. The Cepheus A maps show some evidence that the core is inÑuenced by both high-and low-velocity molecular outÑows. The high velocity Ñow is compact, while the low velocity outÑow is extended over the entire core. In general, most molecules have similar emission morphologies. We Ðnd a few di †erences from the overall structure in the velocity integrated and velocity channel maps of SO, CH 3 OH, H13CN, and C18O, which have more extended structure.
An examination of the spectral line proÐles and velocity channel maps demonstrates that only CO and HCO`are kinematically associated with the outÑow ; all other species are tracing mainly the quiescent core.
4. The chemical composition of the quiescent gas in the Cepheus A core is, within the estimated uncertainty, remarkably uniform. The species with extended emission morphologies, such as SO and also show no evi-CH 3 OH, dence for changes in relative abundance. Therefore, the high-and low-velocity outÑows have not appreciably altered the chemistry of the quiescent material.
